Leaf extract of Centella asiatica has been used as an alternative medicine for memory improvement in the Indian Ayurvedic system of medicine for a long time. Although several studies have revealed its effect in ameliorating the cognitive impairment in rat models of Alzheimer's disease, the molecular mechanism of C. asiatica on neuroprotection still remains unexplained. In this study, we investigated the effects of C. asiatica water extract on activity of subtypes of phospholipase A 2 (PLA 2 ) in primary cultures of rat cortical neurons and quantified by HPLC a possible molecule responsible for the activity. The cPLA 2 and sPLA 2 activities were inhibited in vitro by asiaticoside present in the water extract of C. asiatica. This extract may be a candidate for the treatment of neurodegenerative processes because of its pharmacological activity in the brain and its low toxicity, as attested by its long popular use as a natural product.
There is increasing evidence that free radical damage to brain phospholipids, carbohydrates, proteins, and DNA is involved in neuron death in Alzheimer's disease (AD). The cholinergic and glutamatergic systems are closely connected to a group of key enzymes in membrane lipid metabolism -the phospholipase A 2 (PLA 2 ) family. PLA 2 may play a role in memory impairment and neurodegeneration in AD [1] . Oxidative stress by products in the neurofibrillary tangles and amyloid plaques induces glial cells and neurons to produce pro-inflammatory mediators that activate secretory Ca 2+ -dependent PLA 2 (sPLA 2 ), cytosolic Ca 2+ -dependent PLA 2 (cPLA 2 ) and Ca 2+ -independent PLA 2 (iPLA 2 ), thus increasing the levels of arachidonic acid (AA), prostaglandins and free radicals [2] . These molecules increase extracellular glutamate [3] , leading to excessive NMDA mediated Ca 2+ influx into neurons and PLA 2 activation [4] , thus establishing a vicious cycle of neuronal injury. The ability of specific PLA 2 modulators to diminish neuronal damage further supports an important role for PLA 2 in the neurodegenerative process [5] .
Natural PLA 2 modulators have also been isolated from Centella asiatica [6] , Horsfieldia amygdaline and marine sponges [7] . C. asiatica (L.) Urban (Umbelliferae) has been shown in vivo to prevent the cognitive deficits that occur following treatment with streptozotocin and to protect cholinergic neurons from the toxic effects of aluminum and glutamate [8] . In addition, Dhanasekaran et al. [9] showed that C. asiatica treatment altered amyloid pathology in the PSAPP Alzheimer's disease mouse model after prolonged treatment and also significantly inhibited lipid peroxidation induced by hydrogen peroxide in the mouse brain homogenate. In the current study, we investigated the effects of C. asiatica water extract and asiaticoside on the activity of subtypes of PLA 2 in primary cultures of rat cortical neurons.
HPLC analysis of asiaticoside standard showed a single peak at 204 nm with a retention time of 0.82 min. Centella extract showed a peak with the same wavelength and retention time as that of the asiaticoside standard, while the retention time of boldine was 2.68 min. The concentration of asiaticoside found in Centella extract powder (250 μg mL -1 ) submitted to chromatographic analysis (n=3) was 172 μg mL -1 , calculated from the averaged peak-area ratios of the asiaticoside standard and boldine. As the main component in this extract, the concentration of asiaticoside was 68.8% (w/w). Other compounds were not detected by this HPLC method. C. asiatica contains not only triterpene glycosides, but also asiatic and madecassic acids that have been identified using thin layer chromatography and mass spectrometry [10] . Asiaticoside is transformed in vivo by hydrolysis into asiatic acid, which induces apoptosis and cell cycle arrest in different types of cancer [11] .
We found a dose-dependent inhibitory effect of C. asiatica water extract (125-500 μg mL -1 ) on cPLA 2 activity ( Figure 1A ) in rat cortical neurons. At 500 μg mL -1 , the value of inhibition of cPLA 2 activity was maximal at 56% (ρ = 0.001), whereas with 250 μg mL -1 the inhibition was 43% (ρ = 0.007) and with 125 μg mL -1 31% (p = 0.037), as compared with the control. Centella water extract also showed inhibition of sPLA 2 activity ( Figure 1B) . At 500 μg mL -1 , the value of inhibition of sPLA 2 activity was maximal at 52% (ρ = 0.042), as compared with the control. However, no significant change was observed in iPLA 2 activity ( Figure 1C ). Our previous results [6] show that there are similar activities for both cPLA 2 and iPLA 2 in rat cerebellum, which reaffirms the suggestion that C. asiatica may be useful in the treatment of disorders associated with an increment of PLA 2 activity in the brain.
A study in cultures of rat cortical neurons suggests that one mechanism by which soluble oligomers of β-amyloid peptide (A) 1-40 or A1-42 induce neuronal apoptosis involves activation of both neutral and acidic sphingomyelinase and ceramide production, which are likely to result from the generation of reactive oxygen species and cPLA 2 -mediated AA production [12] . Increased immunoreactivity of cPLA 2 -IVA and sPLA 2 -IIA also were reported in reactive astrocytes associated with Aβ deposits in AD brains [13] . Increased brain PLA 2 activity results in profound changes in the physicochemical properties of neuronal membranes, which influence, for instance, signal transduction, synthesis and release of neurotransmitters, receptor function and neuronal viability [2]. PLA 2 activation, therefore, is a key event in Aβinduced neurotoxicity culminating in apoptotic and necrotic cell death. Our findings shown that cPLA 2 and sPLA 2 activities were inhibited by C. asiatica water extract and suggest that C. asiatica may be useful as a potential therapeutic agent for neuroinflammation and oxidative stress.
A study by Mook-Jung et al. [14] also showed that asiaticoside derivatives (asiatic acid, asiaticoside 6 and SM2) have potential protective effects against A-induced cell death, which corroborates our findings and reaffirms the possible neuropharmacological use of asiaticoside from C. asiatica extract. According to Schaeffer and Gattaz [1] , persistent inhibition of cPLA 2 and iPLA 2 isoforms at early stages of AD may play a central role in memory deficits and beta-amyloid production through down-regulation of cholinergic and glutamate receptors. As the disease progresses, beta-amyloid induced up-regulation of cPLA 2 and sPLA 2 isoforms may play critical roles in inflammation and oxidative stress, thus participating in the neurodegenerative process. So, activation and inhibition of specific PLA 2 isoforms at different stages of AD could be of therapeutic importance and delay cognitive dysfunction and neurodegeneration.
In conclusion, the need for specific and nontoxic potent inhibitors of PLA 2 isoforms provides a new impetus for research in this field. C. asiatica water extract may be an excellent candidate, with pharmacological activities in brain and with very low toxicity, as attested by its long popular use as a natural product in the treatment of neurodegenerative processes. However, further investigations are necessary to confirm and extend these data.
Experimental
Centella asiatica extract: C. asiatica (L.) Urban fresh plant was collected on the Campus of the Federal University of Juiz de Fora (UFJF)-Brazil, and authenticated by Dr Fátima Regina Gonçalves Salimena from the Botany Department, UFJF. A voucher specimen (n 24.610) is deposited at Herbário Leopoldo Krieger, at UFJF. The aqueous extract was prepared by infusion of C. asiatica (200 g) in ultrapure water (4 L) followed by cold maceration for 24 h. The solution was filtered and then freeze-dried to yield a residue that was stored at −80°C until use. In order to carry out the radioenzy-matic assay, the aqueous residue was re-suspended in 5 mM Tris-HCl buffer, pH 7.4, to obtain a concentration of 0 -500 μg mL -1 .
Determination of asiaticoside by HPLC:
Centella extract powder was dissolved in mobile phase and filtered through a 0.22-μm membrane. The chromatographic system used consisted of a highpressure pump (LC-10AT), a controller system (SCL-10A), a diode array detector (SPD-M10A) set at 204 nm, a degasser (DGU14A), an autoinjector (SIL-10AF) and a data processor (LC-10Advp), all from Shimadzu (Japan). Separation was performed on a CN column (Shimadzu; 250 mm × 4.6 mm 2 ID, 5-μm particle size). Isocratic elution of mobile phase was performed using a mixture of 0.5% phosphoric acid solution and acetronitrile (1:4, v/v) and pumped at a flow rate of 2.0 mL min -1 . Calibration plots (weighted regression line) were obtained from linear least-squares regression analysis plotting of peak-area ratios (asiaticoside/internal standard) versus the HPLC grade asiaticoside concentrations (31.5 -500 μg mL -1 ) in the column. The concentration of asiaticoside in Centella extract was calculated from the averaged peak-area ratios of the asiaticoside and internal standard (boldine 100 μg mL -1 ) obtained from triplicate injections of 25 μL of Centella extract.
Primary cultures of rat cortical neurons:
Pregnant Wistar rats were sacrificed by cervical dislocation at gestational day 18 (E18), and the respective embryos were obtained by laparotomy. Whole embryonic brains were isolated and kept immersed in Minimum Essential Medium (MEM, Gibco) through micro-dissection, yielding multiple samples of cortical tissue. Single cell suspensions were then obtained by trypsinisation, followed by mechanical dissociation. Cells were counted and re-suspended in neurobasal medium containing B-27 supplement, 2 mM L-glutamine, penicillin (100 I.U.), streptomycin (100 μg mL -1 ), and 5% fetal calf serum (all Gibco). Cells were plated onto poly D-lysine coated Petri dishes at a density of 1×10 7 cells per culture well. Culture medium was replaced by serum-free medium after 24 h of incubation. Cultures were incubated for up to 4 days at 37C/5% CO 2 . The integrity of neuronal cultures was microscopically ascertained prior to experimentation.
Determination of PLA 2 subtypes activities:
Enzymatic activities were determined according to a modified radioenzymatic protocol [15] , which was adapted for the measurement of PLA 2 activities in homogenates derived from primary cultures of rat cortical neurons. Culture medium was discharged and neurons were scraped off the culture surface in ice-cold PBS. Pellets were briefly spun down at 4ºC (supernatant removed), homogenized in 5 mM Tris-HCl buffer, and stored at -70ºC. At least 2 tissue culture plates, yielding approximately 2×10 7 cells, were combined in order to warrant cPLA 2 and sPLA 2 activities of Centella asiatica water extract Natural Product Communications Vol. 7 (7) 2012 843 adequate protein levels for each experimental condition. Total protein levels were determined for each aliquot prior to experimentation by a modified Lowry method (Bio-Rad DC Protein Assay) [16] . PLA 2 activities were then determined with the aid of a radioenzymatic assay. The substrate used was L-α-1-palmitoyl-2arachidonyl-phosphatidyl-choline labeled with [l-14 C] in the arachidonyl tail at position sn-2 ( 14 C-PC) (New England Nuclear, Boston Massachussets), previously diluted 1:10 (v/v) in a 0.14 g mL -1 solution of the antioxidant butylated hydroxytoluene in toluolethanol (1:2, v/v). Prior to enzymatic reaction, 14 C-PC solution was nitrogen evaporated in a glass vial (total volume equivalent to 0.10 µCi for iPLA 2 and cPLA 2 and 0.112 µCi for sPLA 2 , per aliquot), resuspended in 0.33 mg mL -1 bovine albumin solution, and homogenized by sonication. Samples were diluted to a concentration of 0.25 mg protein mL -1 , and the final volumes of the various aliquots were equalized by the addition of 5 mM Tris buffer pH 7.4 and 50 mM Tris. The aliquots for enzymatic reactions were prepared on ice with 200 µL of each diluted sample (or respective blank controls), 50 µL of calcium chloride (CaCl 2 ) at 100 µM for iPLA 2 and cPLA 2 and 5 mM for sPLA 2 , 50 µL of Tris 1M, and 150 µL of the re-suspended radioactive 14 C-PC. For determining cPLA 2 and sPLA 2 subtypes activities, it is necessary to inhibit iPLA 2 activity. Thus, 1 mM bromoenol-lactone (BEL) was added to each reaction tube. Samples were then immersed in a 37ºC shaking water-bath for 1 h, after which 700 µL of stop solution (hydrochloric acid-isopropanol 1:12, v/v) was added. Samples were allowed to rest for 10 mins at room temperature in order to halt enzymatic reaction. Then, 700 µL of n-heptane was added, the reaction homogenized, and after 5 mins, spun at room temperature (1700 x g); 500 µL of the upper phase was then transferred to silicacoated Eppendorf tubes containing 300 µL of n-heptane. Radioactive arachidonic acid ( 14 C-AA) released by the PLA 2 cleavage of 14 C-PC was then extracted by the n-heptane-silica method with Dole's reagent, followed by adsorption of phospholipids on silica. A second spinning was then performed for 10 mins, after which 500 µL of the upper phase was added to the scintillation solution. Finally, the radioactivity of 14 C-AA was measured in a liquid scintillation counter (Packard Tri-Carb 2100 TR). Determination of PLA 2 subtypes activities was performed in triplicate.
Statistical analysis:
Mean values of PLA 2 activities (±standard deviation, SD) in picomoles per mg of protein per minute were determined for each experimental and control condition. One-way ANOVA was followed by Tukey's post hoc using Statistical Package (SPSS Inc., Chicago, IL, USA) software (ρ < 0.05).
Ethical aspects:
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